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ABSTRACT

Objective

Previous studies on the relation between birth weight and obesity in adolescents had inconsistent
results. Moreover, few studies targeted Asian adolescents although there are ethnic differences in programming
of body composition. This inconsistency and lack of studies in body composition of Asians make it necessary
for further study. Therefore, this study aimed to investigate the association between birth weight, obesity, fat
mass and lean mass in Korean adolescents.
Methods

This study was a cross-sectional analysis and participants were 1,304 people (693 men and 611
women) aged 12-18. Among participants in the KNHANES V (n=1,510), we excluded participants who did not
respond to the birth weight questionnaire and those who did not have BMI information. For body composition
study, only those with DXA examination (n=884) were used among the study population.

Multivariable logistic regression and least square means were used. Sociodemographic factors, health
behaviors, health status and gestational age were adjusted.
Results

Individuals with highest 20% birth weight were more likely to be overweight (aOR=1.86; 95%
CI=1.02-3.50) than those with normal birth weight. Women who had highest 20% birth weight were more likely
to have obesity (aOR=3.85; 95% CI=1.31-11.29). Those with highest 20% birth weight had higher FMI and
LMI (P value: 0.06, 0.19) after adjustment. Only FMI but not LMI tend to increase with birth weight in female
population (P for trend: <0.01, 0.10).
Conclusions

Our study suggests that high birth weight could be an indicator of obesity, with more tendency in

increasing fat mass than lean mass, especially in women.

Keywords: Birth weight - Obesity - Body composition - KNHANES V
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Strengths and limitations of this study

® We used large study population (n=1,304) compared to previous studies, which hardly exceed 100

oNOYTULT D WN =

people, and used the data of Asians, whom few previous studies targeted.

9 ® This study considered not only relations between birth weight and BMI, but also specific body
1 compositions including fat mass and lean mass.

13 ® There was no preceding research that adjusted as many related variables as we did, which raises
15 credibility of this study.

® Since cross-sectional data are used, inferences about causal effects cannot be made and only
18 assumptions about the relation can be suggested.

20 ® Birth weight and other controlled variables were self-reported in the survey used in this study, which

22 may had made recall bias.

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

INTRODUCTION

Prevalence of obesity in adolescents has been increasing worldwide and is of great concern. Since
obesity in earlier life is tightly correlated with adult diseases[1,2], clarifying its risk factors and prevention
remain an important goal. Among various risk factors of obesity, early life events have been suggested to play
an important role, by lasting changes in body composition and appetite control by central nervous system[3].
Also, one’s ability to regulate and metabolize food throughout life is known to be determined pre or post-
natally[4].

Birth weight, among those early life factors, is an important topic that claims our attention, as it is
closely related to factors such as intrauterine nutrition[5S] and early body composition. Previous studies
demonstrated that birth weight is associated with obesity in adults. Many of the studies showed that high birth
weight increases the risk of obesity in adults[3,6,7] and some added that low birth weight reduces it[3].

However, studies about the relation between birth weight and obesity in adolescents had inconsistent
results. Some insisted that there are J-shaped relationships or linear relationships between birth weight and BMI
in childhood[8-10]. Others showed no significant relationship[11]. Meanwhile, previous studies about the
relationship between birth weight and body composition showed that birth weight is more related to lean mass
compared to fat mass in United Kingdom adolescents[12,13], and in Brazilian 9 years children[14]. However,
although there are ethnic differences in programming of body composition[15,16], few studies targeted Asian
adolescents.

This inconsistency among the studies of obesity and lack of studies in body composition of Asians
make it necessary for further study. Thus we focused on re-evaluating gender-specific association between birth
weight and body composition including BMI in adolescents, using the data from the fifth Korean National

Health and Nutrition Examination Survey of 2010-2011 (KNHANES V).
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METHODS
Study population and data collection

This study used the fifth KNHANES, a national survey that represents the Korean population.
KNHANES V contains health interview survey, health behavior survey, health examination survey and nutrition
survey. It was organized by Korean Ministry of Health and Welfare from 2010 to 2011. Target sampling follows
a stratified multi-stage clustered probability design.

Those aged from 12 to 18 among the participants in the KNHANES V (n=1,510) were initially
selected for this study. First, we excluded participants who did not respond to the birth weight questionnaire
(n=203). Second, among this population (n=1,307), those who did not have BMI information were excluded
(n=3). The final study population included 1,304 individuals (693 men and 611 women) for obesity study
(Figure 1). For body composition study, only those with DXA examination (n=884) were used among the study
population.

Sociodemographic, biomedical and lifestyle factors

This study considered several factors that could affect outcome of the analyses. First of all,
sociodemographic variables including age, sex, residential area, and household income were self-reported by the
participants. Residential area was categorized into capital city, metropolitan area, and town/city. As the study
population was adolescents who usually have no income, household income was considered instead of personal
income. Household income was categorized into three levels. Second, we also used the information on various
health behaviors (smoking, drinking, physical activity, energy consumption, sleep duration). We categorized
participants into two groups regarding unhealthy behaviors: those who had experienced smoking or drinking at
least once, and those who had not. Other variables were adjusted as continuous variables. For physical activity,
this study used the level of physical activity suggested by the International Physical Activity Questionnaire
(IPAQ)[17] calculating Metabolic Equivalent Task (MET) per week. Third, health status related to obesity was
also considered. Participants were divided into two groups regarding comorbidities: those with at least one
comorbidity (hypertension, diabetes, asthma, impaired fasting glucose), and those without any. Diabetes and
asthma were diagnosed by doctors. As participants were adolescents, those with blood pressure higher than 90%
of their age and sex were classified as having hypertension. Those with fasting blood sugar higher than 100
mg/dL were classified as having impaired fasting glucose. Finally, participants were divided into three groups
according to their gestational age: preterm (<36 weeks), normal and postterm (> 42 weeks).

Assessment of birth weight, body composition and obesity
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Birth weight was reported by participants’ mothers in KNHANES V. We categorized participants into
five groups according to their percentile of birth weight. Cutoff points for each group were 2.89kg, 3.19kg,
3.3kg, 3.62kg. The group in the middle (40~60%, birth weight between 3.19kg and 3.3kg) was used as the
reference.

In KNHANES YV, body compositions were measured by skillful technicians, providing accurate and
reliable data. All the participants were changed into light clothing with all jewelry removed, and then
experienced DXA for estimation of body composition. Body Mass Index (BMI) was calculated by dividing
weight by height squared (kg/m?). Total fat mass and lean mass provided from DXA were converted in the same
way in this study. We divided total fat mass and lean mass by height squared to calculate Fat Mass Index (FMI)
and Lean Mass Index (LMI) (kg/mz).

Considering the ethnic differences, we used definition of obesity for Asians proposed by the World
Health Organization Western Pacific Region[ 18], which slightly differed from that for Westerns. We classified
the study participants into overweight (BMI > 85 percentile BMI of age and sex or 23 kg/mz, but not obesity)
and general obesity (BMI > 95 percentile BMI of age and sex or 25 kg/m®).

Statistical analysis

All statistical analysis was done by utilizing Stata 13.0 (STATA Corp., College Station, TX, USA). In
this study, we used multivariable logistic regression in order to calculate the adjusted odds ratio (aOR) and 95%
confidence intervals (95% CI) of overweight and general obesity according to birth weight. Sociodemographic
factors, health behaviors, health status and gestational age were adjusted. For the study population to represent
the entire adolescents of the nation, we took complex sampling design into account by using the estimation
command “svy” before statistical analysis. Next, we used least squares means adjusted for the same factors to
examine the association between birth weight and body composition for the total study population, men, and
women. Based on a multiple linear regression, the linear trend of adjusted means for FMI and LMI was tested

across birth weight.
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RESULTS
Characteristics of the study population

General characteristics of the total study population, male participants, and female participants are
shown in Table 1. In total population, mean birth weight was 3.3kg, and was slightly higher in men than women.
Among study population, prevalence of overweight and obesity was higher in men than women. Mean(SD) FMI
in adolescence was 5.8 (+2.5) kg/m? in total population, 5.0 (+2.5) kg/m’ in men and 6.7 (+2.2) kg/m’ in women.
Mean(SD) LMI was 15.0 (+2.1) kg/m? in total population, 16.0 (+2.0) kg/m”in men, and 13.8 (£1.5) kg/m*in
women.
Relationship between birth weight, overweight and obesity

Table 2 shows total and sex-stratified odds ratio of overweight and general obesity according to birth
weight. In both sexes, unadjusted OR for overweight in the high birth weight group (highest 20% group) was
2.02 (95% CI=1.11-3.68) compared to the reference group. In the adjusted analysis, high birth weight group also
had higher odds of being overweight (aOR=1.86; 95% CI=1.02-3.50) compared to the reference group. In male
population, unadjusted OR for overweight was 3.09 (95% CI=1.41-6.75), and the association remained after
adjustment (aOR=2.86, 95% CI=1.12-7.31). However, there was no association between high birth weight and
obesity in men (aOR=0.77, 95% CI=0.34-1.76). In contrast, in women, adjusted analysis demonstrated the
association between high birth weight and general obesity after adjustment (aOR=3.85; 95% CI=1.31-11.29),
but no association with overweight. (aOR: 1.04, 95% CI=0.39-2.78).
Relationship between birth weight and body composition

The association between birth weight, fat mass, and lean mass of total participants is presented in
Figure 2. Result of female participants is presented in Figure 3 and that of male participants is presented in
Figure 4. After adjusting sociodemographic factors, health behaviors, health status and gestational age, least
squares means of FMI and LMI both increased significantly with higher birth weight in total population (P for
trend <0.01, 0.02). High birth weight group (Highest 20%) had higher FMI and LMI than the reference group (P
value: 0.06, 0.19 respectively). In male participants, higher birth weight was associated with higher FMI and
LMI (P for trend: 0.05, 0.22). In female participants, higher birth weight was also associated with higher FMI (P
for trend: 0.01), but LMI showed an inverse U-shape (P for trend: 0.10). Both high birth weight group and low
birth weight group had lower lean mass compared to the reference group (P value: 0.45, 0.01, respectively) in

female adolescents.
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Table 1. General characteristics of the study population

Total (n=1,304) Men (n=693) Women (n=611)

Age (year), means.d 14.7 (2.0) 14.7 (2.0) 14.8 (1.9)
Residence

Capital 284 (21.8) 151 (21.8) 133 (21.8)

Metropolitan 279 (21.4) 148 (21.4) 131 (21.4)

Town/City 741 (56.8) 394 (56.9) 347 (56.8)
Household Income

Lowest Third 144 (11.2) 64 (9.4) 80 (13.3)

Middle Third 727 (56.6) 385 (56.5) 342 (56.8)

Highest Third 413 (32.2) 233 (34.2) 180 (29.9)
Physical Activity(MET-min) *, mean:s.d 2376.7 (2964.7) 2839.4 (3164.5) 1849.8 (2624.3)
Unhealthy Behaviors 342 (26.2) 201 (29.0) 141 (23.1)
Sleep Duration, meanzs.d 7.2 (1.4) 7.2 (1.3) 7.1(1.5)
Total Energy Intake/day(kcal), meants.d 2252.1(915.0) 2521.4(959.4) 1952.8 (758.9)
Comorbidity 240 (18.4) 143 (20.6) 97 (15.9)
Gestational Age(week)

Preterm (<36) 47 (3.6) 20 (2.9) 27 (4.4)

Normal (37~41) 1,211 (93.1) 656 (94.8) 555 (91.1)

Postterm (>42) 43 (3.6) 16 (2.3) 27 (4.4)
Birth Weight, meanzs.d 3.3(0.5) 3.3(0.5) 3.2(0.5)
Obesity

Overweightb 162 (12.4) 97 (14.0) 65 (10.6)

General Obesity ° 171 (13.1) 102 (14.7) 69 (11.3)
Body Composition

Body Mass Index (kg/m?), mean+s.d 21.0(3.7) 21.2(3.8) 20.7 (3.4)

Fat Mass Index (kg/m?), mean+s.d 5.8(2.5) 5.0(2.5) 6.7(2.2)

Lean Mass Index (kg/ m%), means.d 15.0(2.1) 16.0 (2.0) 13.8 (1.5)

Note: Data presented in number (percentage) with appropriate units unless otherwise stated.
*Metabolic Equivalent Task based on the International Physical Activity Questionnaire(IPAQ).
® Overweight: BMI > 85 percentile BMI of age and sex or 23 kg/m’, but not obesity

¢ General Obesity (Korean criteria): BMI > 95 percentile BMI of age and sex or 25 kg/m”
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Table 2: Crude and adjusted analyses of the association between birth weight and obesity in Korean adolescents

Overweight General Obesity
Birth Weight Proportion Crude OR Adjusted” OR Proportion Crude OR Adjusted” OR
n (%) (95% CI) (95% CI) n (%) (95% CI) (95% CI)
0-20 percentile
Men (n=101) 13 (12.9) 1.73 (0.68-4.39) 1.58 (0.55-4.53) 14 (13.9) 0.83 (0.34-2.03) 0.74 (0.27-2.01)
Women (n=134) 10 (7.5) 0.52 (0.20-1.37) 0.84 (0.30-2.37) 14 (10.5) 1.26 (0.50-3.20) 1.55 (0.47-5.11)
Total (n=235) 23 (9.8) 0.97 (0.49-1.91) 1.17 (0.54-2.52) 28 (11.9) 0.96 (0.51-1.81) 1.02 (0.49-2.13)
20-40 percentile
Men (n=135) 15(11.1) 1.33 (0.53-3.36) 1.92 (0.66-5.53) 17 (12.6) 0.72 (0.32-1.62) 0.73 (0.30-1.79)
Women (n=136) 14 (10.3) 0.81 (0.32-2.07) 0.65 (0.25-1.69) 15 (11.0) 1.83 (0.70-4.78) 2.53(0.85-7.55)
Total (n=271) 29 (10.7) 1.04 (0.54-2.01) 1.08 (0.52-2.26) 32(11.8) 1.09 (0.59-2.04) 1.19 (0.62-2.27)
40-60 percentile
Men (n=145) 14 (9.7) 23 (15.9)
Women (n=138) 14 (10.1) 1 (referent) 1 (referent) 13(9.4) 1 (referent) 1 (referent)
Total (n=283) 28 (9.9) 36 (12.7)
60-80 percentile
Men (n=149) 25 (16.8) 1.75 (0.79-3.86) 2.39(0.94-6.12) 19 (12.8) 0.88 (0.39-1.99) 0.56 (0.23-1.37)
Women (n=109) 15 (13.8) 1.15(0.47-2.84) 1.19 (0.43-3.28) 13 (11.9) 1.74 (0.68-4.47) 2.61(0.85-7.99)
Total (n=258) 40 (15.5) 1.44 (0.80-2.59) 1.61 (0.82-3.18) 32(12.4) 1.18 (0.64-2.18) 1.03 (0.52-2.02)
80-100 percentile
Men (n=163) 30 (18.4) 3.09 (1.41-6.75) 2.86 (1.12-7.31) 29 (17.8) 1.01 (0.49-2.05) 0.77 (0.34-1.76)
Women (n=94) 12 (12.8) 0.82(0.31-2.14) 1.04 (0.39-2.78) 14 (14.9) 2.18 (0.86-5.55) 3.85(1.31-11.29)
Total (n=257) 42 (16.3) 2.02 (1.11-3.68) 1.86 (1.02-3.50) 43 (16.7) 1.39 (0.79-2.44) 1.50 (0.80-2.81)
P for trend
Men 0.08 0.15 0.53 0.83
Women 0.19 0.34 0.38 0.18
Total 0.02 0.10 0.24 0.44

Acronyms: OR, Odds Ratio; CI, Confidence Intervals

P for trend: P for trend for adjusted analyses

*Adjusted for age, sex, residence, household income, physical activity, total energy intake, sleep duration,
unhealthy behaviors, comorbidities and gestational
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DISCUSSION

In this cross-sectional study of 12 to 18 years old Korean adolescents, we found association between
birth weight and overweight in males, and obesity in females. Also, higher birth weight was related to both
higher LMI and FMI, with more tendency in FMI. Sex difference was shown in both analyses. Prevalence of
adolescents’ obesity in Korea increased from 6.8% in 1998 to around 10% in 2005[19,20], and was 13.1% in the
data used in this study. This fast increase may be attributed to economic development and westernization of diets
in Korea. Obesity in adolescence not only causes diseases such as cardiovascular diseases, pulmonary diseases,
but also has psychosocial consequences[21], which could have long lasting effects. This makes prevention and
care of adolescence obesity an important issue.

Higher birth weight was associated with increased prevalence of overweight in total population and in
male adolescents in this study. This result is consistent with the previous cohort studies that showed birth weight
is associated with overweight in male adolescents[11,22]. Meta-analysis on birth weight and long-term
overweight risk is also consistent with our study that later overweight is associated with high birth weight[23].

High birth weight did increase the risk of obesity in female population, but not in total population or
male population. This result differs from previous studies that have shown that high birth weight increases the
risk of obesity in adolescents[8,10]. However, it was consistent with the study[11] that have additionally
adjusted for more possible cofounders including physical activity and family income. Our study adjusted for the
biggest number of cofounders including sleep duration, unhealthy behaviors and comorbidities, which could be
the reason for the difference. There are also many studies that have shown the relationship between birth weight
and overweight/obesity in children[8,24], and in adults[3,6,7]. The reason for the difference here could be the
effect of maturation in adolescence. It is known that alterations in body fat distribution begins during puberty,
due to hormones including cortisol, insulin, growth hormone, and the sex steroids[25]. The fact that adolescents
are in the middle of these changes that occur during maturation may have caused the difference of results with
adults or children.

Using the body composition data by DXA, this study found that higher birth weight was related to
higher LMI. This is consistent with preceding studies which insisted that birth weight is associated with later
lean mass[12-14]. In addition to this, we found the association between higher birth weight and higher FMI with
significant tendency. One possible explanation for this trend in increasing fat mass in Korean adolescents may

be ethnic differences. It is known that BMI and body fat percent is ethnic specific, possibly due to differences in
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frame size, relative leg length and physical activity level[15,26]. It is also said that Asians usually have more fat
but lower BMI compared to whites[16].

For the association between birth weight, obesity, FMI and LMI shown in this study, common genetic
factors may be one possible explanation. It is said that about 50% of the variance in birth weight and more than
that of the variance in BMI are attributed to shared genetic factors[27,28]. Therefore, it seems rational to
speculate that the factors that made infants heavy could also increase the risk of higher BMI in later life.
Another explanation could be that intrauterine environment, which obviously determines birth weight, also
affects formation of the fetal organs involved in energy metabolism by altering the transfer of metabolic
substances between mother and fetus[29].

In this study, relation between birth weight and both obesity and body composition showed gender
differences. Among studies that dealt relationships between birth weight and possible outcomes in later life
including obesity, blood pressure[30], lipid levels[31] and insulin action[32], many have shown gender
differences. These findings indicate that males and females could have different mechanism of programming in
early life. Although exact mechanism for this difference has not been explained, we suggest several explanations.
It is suggested that sex steroid hormones affect in programming body composition during pubertal
development[33,34]. Estrogen, for example, is known to play an important role in body fat distribution[33]. This
difference in hormone actions lead to more increased lean mass in boys, and comparatively high fat mass in
girls[35]. Moreover, some studies suggested that bone and muscle growth may be programmed differently by
gender during intrauterine life[36,37]. These factors may have contributed to stronger tendency in results in
female.

High BMI may not be the perfect measure of obesity, as it does not contain information about fat
distribution[38]. To supplement this limitation, this study also considered FMI and LMI in addition to BMI.
High BMI with high FMI but not LMI, is indeed dangerous, with potential risk of leading to other diseases by
dropping the level of immunity. As our study showed that high birth weight is associated with overweight and
obesity, with higher FMI than LMI especially in female, those born with high weight should be taken care of. If
infants are born with high weight, early intervention would be needed against obesity by managing diet and
physical activity level since young.

There are several limitations in this study. First of all, since cross-sectional data are used, inferences
about causal effects cannot be made and only assumptions about the relation can be suggested. Longitudinal

studies are needed to clarify if birth weight have effects on later obesity and body composition. Secondly, birth
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weight was self-reported in the survey used in this study, which means that the data could be less accurate
compared to birth records. Other controlled variables including sleep duration, physical activity were also self-
reported, which may had made recall bias. Although parental factors including maternal obesity, diabetes
influence their offspring, they are not considered in this study since KHANES V did not include such topics in
the survey. Despite these limitations, our study has strength that we used large study population (n=1,304)
compared to previous studies, which hardly exceed 100 people. We also tried to supplement missing parental
factors by adjusting household income in the analysis. Moreover, as far as we know, there were no preceding
research that adjusted as many related variables as we did, which raises credibility of this study. Most
importantly, this study filled up the lack of study among Asians and inconsistency that existed in previous
studies, suggesting that ethnic differences and gender differences may exist in programming of body

composition and obesity.
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CONCLUSION

The results of our study suggest that high birth weight may be an indicator of overweight in Korean

oNOYTULT D WN =

adolescents. Especially in women, high birth weight is associated with general obesity. Difference in fat mass
9 was more significant than lean mass between those with high and normal birth weight. Especially in women,
1 only fat mass showed an increasing trend across birth weight. These findings suggest that those born with high

13 birth weight, especially females, need early intervention against obesity.
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Figure 1: Flow Diagram of the Selection Procedure for the Study Population

Figure 2: Least-squares means of FMI and LMI in total participants (n=884). We adjusted for socioeconomic,

health status, health behavior factors according to birth weight.

Figure 3: Least-squares means of FMI and LMI in female participants (n=407). We adjusted for socioeconomic,

health status, health behavior factors according to birth weight.

Figure 4: Least-squares means of FMI and LMI in male participants (n=477). We adjusted for socioeconomic,

health status, health behavior factors according to birth weight.
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ABSTRACT

Objective

Previous studies on the relationship between birth weight and obesity in adolescents have been
inconsistent and mostly targeted adolescents in Western countries. Therefore, we aimed to investigate the
association between birth weight, obesity, fat mass and lean mass in Korean adolescents using the fifth Korea
National Health and Nutritional Examination Survey (KNHANES V).

Methods

Among participants aged between 12 and 18 years in the KNHANES V (n=1,510), we excluded
participants who did not respond to the birth weight questionnaire and those who did not have BMI values,
resulting in a study population of 1,304 (693 men and 611 women) people. For the body composition study, only
those who underwent DXA examinations (n=884) were used among the study population.

Multivariable logistic regression was used to examine the relationship between birth weight and
obesity. Least square means were used to study birth weight and body composition. Sensitivity analysis was
performed additionally.

Results

Individuals within the highest 25" percentile in birth weight were more likely to be overweight
(adjusted odds ratio, aOR=1.64, 95% confidence interval, CI=1.05-2.57) than those with normal birth weight.
Women who were in the highest 25" percentile in birth weight were more likely to be obese (aOR=2.15, 95%
CI=1.06-4.37). Fat mass index (FMI), but not lean mass index (LMI), significantly increased with increasing
birth weight. (P for trend: 0.03). This tendency remained in female population (P for trend: 0.03). .

Conclusions

High birth weight could be a predictor of obesity, with greater birth weight leading to increasing fat

mass, but not lean mass. These findings suggest that those born with high birth weight may merit close

monitoring and early intervention against obesity.

Keywords: Birth weight - Obesity - Body composition - KNHANES V
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Strengths and limitations of this study

® The study population of this study consisted of Koreans, an ethnicity few previous studies targeted,

oNOYTULT D WN =

and was relatively large (1,304 people), raising the credibility of this study.

9 ®  We evaluated the effect of birth weight on not only BMI, but also fat mass and lean mass.

11 ® Since cross-sectional data was used, inferences about causal effects cannot be made clearly and only
13 assumptions about the relationship can be suggested.

15 ® Although parental factors including maternal obesity, diabetes may influence the birth weight of their
offspring, such information are not included in this survey, and birth weight was self-reported in the

18 survey, which may be subject to recall bias.
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INTRODUCTION

Obesity in adolescents has been increasing worldwide. The prevalence of obesity among adolescents
in Korea increased from 6.8% in 1998 to around 10% in 2005[1,2]. This increase in obesity may be explained
by the rapid economic development and westernization of diet in Korea. Meanwhile, obesity in adolescence is
not only associated with cardiovascular disease and pulmonary disease, but also has psychosocial
consequences[3], with long-lasting effects. Since obesity among adolescents is tightly correlated with later
diseases, identifying the risk factors of adolescent obesity and early prevention are imperative. Early life events
have been suggested to play an important role in developing obesity by altering the body composition and
appetite control by the central nervous system[4]. Also, one’s ability to regulate and metabolize nutrients
throughout life is known to be determined pre or post-natally, suggesting peri-natal factors may be important
predictors of obesity[5].

Among early life factors, birth weight is closely related to intrauterine nutrition[6] and early body
composition. Several previous studies have shown that high birth weight increases the risk of obesity in
adults[4,7,8] and some added that low birth weight reduces the risk of obesity[4].

However, previous studies about the relationship between birth weight and obesity in adolescents have
yielded inconsistent results. Some studies have shown J-shaped or linear associations between birth weight and
body mass index (BMI) in childhood[9-11]. On the other hand, other studies have shown no significant
relationships between birthweight and BMI[12]. Meanwhile, previous studies on the relationship between birth
weight and body composition have shown that birth weight is more-closely related to lean mass compared to fat
mass in adolescents in the United Kingdom [13,14], and in Brazilian 9 year-old children[15]. However, despite
the differences in body composition according to ethnicity [16,17], few studies have targeted Asian adolescents.

In this study, we investigated the gender-specific associations between birth weight and body
composition including BMI, fat mass, and lean mass in adolescents using the data from the fifth Korean

National Health and Nutrition Examination Survey of 2010-2011 (KNHANES V).
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METHODS
Study population and data collection

KNHANES is a national survey conducted every year by the Ministry of Health and Welfare.
KNHANES V was performed from 2010 to 2011, and included 17,476 nationally representative non-
institutionalized civilians in Korea. KNHANES V contains data on heath interviews, health behaviors, health
examination, nutrition and large-scale whole-body dual energy X-ray absorptiometry (DXA). Target sampling
follows a stratified multi-stage clustered probability design. More details on KNHANES have been published
previously[ 18], and the original data are publicly available through the KNHANES website.

Those aged from 12 to 18 years among the participants in the KNHANES V (n=1,510) were initially
selected for this study. We excluded participants who did not respond to the birth weight questionnaire (n=203),
and those who did not have BMI values (n=3). The final study population included 1,304 individuals (693 men
and 611 women) (Figure 1). For the body composition study, only those with DXA examination values (n=884)
were used among the study population.

Sociodemographic, biomedical and lifestyle factors

This study considered sociodemographic actors that could affect outcome of the analyses. Age, sex,
residential area, and household income were self-reported by the participants. Residential area was categorized
into capital, metropolitan area, and town/city. As the study population consisted of adolescents who generally
have no income, household income was considered and divided into tertiles.

Assessment of birth weight, body composition and obesity

Birth weight was reported by the participants’ mothers in KNHANES V. We categorized participants
into three groups according to their percentile of birth weight (0-25%, 25-75%, 75-100%). The cutoff points for
each group were 3.00kg, 3.50kg. The middle group in terms of birth weight (25-75%, birth weight between
3.00kg and 3.50kg) was used as the reference.

In KNHANES V, body compositions were measured by skilled technicians, providing accurate and
reliable data. All participants changed into light clothing with all jewelry removed, and then underwent DXA
examinations. BMI was calculated by dividing weight by height squared (kg/m?). We divided total fat mass and
lean mass obtained from DXA examinations by height squared to calculate Fat Mass Index (FMI) and Lean
Mass Index (LMI) (kg/m?) for each individual.

We used definition of obesity for Asians proposed by the World Health Organization Western Pacific

Region[19]. We classified the study participants into overweight (between 85" and 95™ percentiles of BMI of

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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each age and sex groups or between 23 kg/m’and 25.0 kg/m?) and general obesity (BMI > 95" percentile BMI
of each age and sex group or greater than 25 kg/m®).
Statistical analysis

All statistical analysis was done using SPSS Statistics 13.0 (IBM Corp., Armonk, NY.) and Stata 13.0
(STATA Corp., College Station, TX, USA). We used multivariable logistic regression in order to calculate the
adjusted odds ratio (aOR) and 95% confidence intervals (95% CI) of being overweight and obese according to
birth weight. Sociodemographic factors were adjusted. We used the least squares means adjusted for the same
co-variates to examine the association between birth weight and body composition for the total study population,
men, and women. Based on a multiple linear regression, the linear trend of adjusted means for BMI, FMI and
LMI was tested across birth weight. Additionally, we ran a sensitivity analysis imputing the missing data with an
expectation-maximization algorithm, as there is a possibility that missing DXA data are nonrandom. By the use
of this approach, we could avoid using biased population estimates. Linear trend of adjusted means for BMI,

FMI and LMI was tested after imputation.
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RESULTS

Characteristics of the study population

General characteristics of the total study population, male participants, and female participants are
shown in Table 1. In the total population, the mean birth weight was 3.3kg, and was slightly higher in men than
women (3.3kg, 3.2kg, respectively). The prevalence of being overweight and obese was higher in men than in
women. The mean values (standard deviation, SD) of FMI in adolescents was 5.8 (+2.5) kg/m” in the total
population, 5.0 (£2.5) kg/m2 in men and 6.7 (£2.2) kg/m2 in women. The mean values (SD) of LMI was 15.0
(£2.1) kg/m” in the total population, 16.0 (£2.0) kg/m” in men, and 13.8 (£1.5) kg/m” in women.
Relationship between birth weight, overweight and obesity

BMI of adolescents tended to increase linearly with increasing birth weight (P for trend: <0.01). Table
2 shows the total and sex-stratified odds ratios of overweight and general obesity according to birth weight. In
total population, the unadjusted OR for overweight in the high birth weight group (highest 25™ percentile group)
was 1.76 (95% CI 1.12-2.79) compared to the reference group. In the adjusted analysis, the high birth weight
group also had higher risk of being overweight (aOR 1.64, 95% CI 1.05-2.57) compared to the reference group.
In men, the unadjusted OR for overweight was 2.28 (95% CI 1.29-4.04), and the association remained
significant after adjustment of co-variates (aOR 2.15, 95% CI 1.21-3.84). However, there was no association
between high birth weight and obesity in men (aOR 0.98, 95% CI 0.53-1.82). In contrast, in women, adjusted
analysis demonstrated the association between high birth weight and general obesity after adjustment (aOR 2.15,
95% CI 1.06-4.37), but no association with being overweight (aOR 0.91, 95% CI 0.41-2.01).
Relationship between birth weight and body composition

The associations between birth weight, fat mass, and lean mass of total participants, men, and women
are presented in Figure 2 Figure 3, and Figure 4, respectively. After adjusting for sociodemographic factors, the
least squares means of FMI increased significantly with increasing birth weight in the total population (P for
trend: 0.03). However, LMI showed no significant increase with increasing birth weight (P for trend: 0.08). In
male participants, higher birth weight was neither associated with higher FMI nor LMI (P for trend: 0.20, 0.25).
In female participants, higher birth weight was associated with higher FMI (P for trend: 0.03), while LMI
showed an inverse U-shape (P for trend: 0.25). We evaluated that even after imputing the missing data, the
overall trend of positive correlation between birth weight and FMI did not change. In women and total
population, FMI increased significantly with increasing birth weight (P for trend: <0.01 for both). However,

LMI did not increase with increasing birth weight (P for trend: 0.20).
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Table 1. General characteristics of the study population

Total (n=1,304) Men (n=693) Women (n=611)

Age (year), means.d 14.7 (2.0) 14.7 (2.0) 14.8 (1.9)
Residence

Capital 284 (21.8) 151 (21.8) 133 (21.8)

Metropolitan 279 (21.4) 148 (21.4) 131 (21.4)

Town/City 741 (56.8) 394 (56.9) 347 (56.8)
Household Income

Lowest Third 144 (11.2) 64 (9.4) 80 (13.3)

Middle Third 727 (56.6) 385 (56.5) 342 (56.8)

Highest Third 413 (32.2) 233 (34.2) 180 (29.9)
Birth Weight, meanzs.d 3.3(0.5) 3.3(0.5) 3.2(0.5)
Obesity

Overweightb 162 (12.4) 97 (14.0) 65 (10.6)

General Obesity ° 171 (13.1) 102 (14.7) 69 (11.3)
Body Composition

Body Mass Index (kg/m?), mean+s.d 21.0(3.7) 21.2(3.8) 20.7 (3.4)

Fat Mass Index (kg/m?), mean+s.d 5.8(2.5) 5.0(2.5) 6.7(2.2)

Lean Mass Index (kg/ m%), means.d 15.0(2.1) 16.0 (2.0) 13.8 (1.5)

Note: Data presented in number (percentage) with appropriate units unless otherwise stated.
® Overweight: BMI > 85 percentile BMI of age and sex or 23 kg/m’, but not obesity
¢ General Obesity (Korean criteria): BMI > 95 percentile BMI of age and sex or 25 kg/m”
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Table 2: Crude and adjusted analyses of the association between birth weight and obesity in Korean adolescents

Overweight General Obesity

oNOYTULT D WN =

Birth Weight

Proportion
n (%)

Crude OR
(95% CI)

Adjusted” OR
(95% CI)

Proportion
n (%)

Crude OR
(95% CI)

Adjusted” OR
(95% CT)

Men (n=693)
0-25 % (n=141)
25-75 % (n=354)
75-100 % (n=198)

P for trend

Women (n=611)
0-25 % (n=163)
25-75 % (n=326)
75-100% (n=122)

P for trend

Total (n=1,304)
0-25 % (n=304)
25-75 % (n=680)
75-100% (n=320)

P for trend

18 (12.8)
44 (12.4)
35(17.7)

15(9.2)
34(10.4)
16 (13.1)

33(10.9)
78 (11.5)
51(15.9)

1.51 (0.75-3.03)
1 (referent)
2.28(1.29-4.04)
0.17

0.80 (0.38-1.71)
1 (referent)
0.91 (0.43-1.91)
0.72

1.11 (0.67-1.86)
1 (referent)
1.76 (1.12-2.79)
0.11

1.41 (0.68-2.91)
1 (referent)
2.15 (1.21-3.84)
0.17

0.81 (0.39-1.68)
1 (referent)
0.91 (0.41-2.01)
0.74

1.13 (0.66-1.91)
1 (referent)
1.64 (1.05-2.57)
0.17

Acronyms: OR, Odds Ratio; CI, Confidence Intervals

* Adjusted for age, sex, residence, household income.

21 (14.9)
51(14.4)
30 (15.2)

17 (10.4)
33(10.1)
19 (15.6)

38 (12.5)
84 (12.4)
49 (15.3)

1.06 (0.54-2.09)
1 (referent)
0.96 (0.54-1.70)
0.78

0.91 (0.44-1.87)
1 (referent)

1.92 (0.94-3.91)
0.09

0.96 (0.59-1.58)
1 (referent)

1.27 (0.81-1.99)
0.30

1.06 (0.54-2.06)
1 (referent)
0.98 (0.53-1.82)
0.85

1.00 (0.49-2.07)
1 (referent)
2.15 (1.06-4.37)
0.09

1.04 (0.63-1.70)
1 (referent)

1.36 (0.85-2.17)
0.33
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DISCUSSION

In this cross-sectional study of Korean adolescents, we have shown that birth weight was associated
with a higher risk of being overweight in men and obese in women. Also, higher birth weight was associated
with greater FMI, but not LMI.

Higher birth weight was associated with increased prevalence of being overweight in the total
population and in male adolescents in this study. This result is consistent with the previous cohort studies that
showed birth weight is associated with being overweight in male adolescents[12,20]. A recent meta-analysis on
birth weight and long-term overweight risk is also consistent with our study that overweight is associated with
high birth weight[21].

High birth weight was associated with increased risk of obesity among women, but not in men or the
total population. This result differs from previous studies that have shown that high birth weight increased the
risk of obesity in adolescents in both men and women[9,11]. However, it was consistent with another study[12]
that additionally adjusted family income as our study did. There are also several studies that have shown that
higher birth weight is associated with being overweight or obese in children[9,22], and in adults[4,7,8]. It is
known that alterations in body fat distribution begins during puberty due to hormones including cortisol, insulin,
growth hormone, and sex steroids[23]. The fact that adolescents are physiologically different in body
composition from children and adults may account for the differing results from studies that targeted children or
adults.

Using the body composition data by DXA, this study found that higher birth weight was related to
higher FMI, but not LMI. This contradicts preceding studies which have shown that birth weight is associated
with greater lean mass[13-15]. One possible explanation for this trend in increasing fat mass with greater birth
weight may be due to the fact that Asians tended to have more fat compared to other ethnicities. It has been
shown that BMI and body fat percent is ethnic specific, possibly due to the differences in frame size, relative leg
length and physical activity level[16,17,24].

The result of linear relationship between birth weight and later FMI contradicts some of the previous
studies that have shown the J- or U-shaped relationships between birth weight and fat mass in later life. Those
studies explain their results by the theory that infants who are born small experience rapid catch up growth in
early infancy, which results in larger fat mass in later life[25,26]. We could not reveal clear reasons for the
difference as we did not have the data of postnatal weight gain, but one possible explanation for this could be

ethnic differences as mentioned above. Regarding the possible effects of postnatal weight gain on later body
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composition, future studies can be performed to investigate the interaction of birth weight and postnatal weight
gain in terms of the effect on later body composition. Through these future studies, whether birth weight or
postnatal weight gain velocity are equal or disproportionate contributors to fat mass in later life might be
revealed.

One possible explanation for the association between birth weight, obesity, FMI, and LMI is the
possibility of common genetic factors. It is said that about 50% of the variance in birth weight and more than 50%
of the variance in BMI are attributed to shared genetic factors[27,28]. Therefore, it seems rational to speculate
that the genetic factors that made infants heavier could also contribute to the increased risk of greater BMI later
in life. Another explanation could be that intrauterine environment, which contributes to birth weight, also
affects the formation of the fetal organs involved in energy metabolism by altering the transfer of metabolic
substances between mother and fetus[29].

In this study, the relationship between birth weight and both obesity and body composition was
different among men and women. Similarly, among previous studies that dealt with relationships between birth
weight and possible outcomes in later life including obesity, blood pressure[30], lipid levels[31] and insulin
action[32], many have shown gender differences. These findings indicate that men and women could have
different mechanisms for body composition. It is suggested that sex steroid hormones alter the body
composition during pubertal development[33,34]. Estrogen, for example, is known to play a crucial role in body
fat distribution[33]. This difference in hormone actions lead to more increased lean mass in boys, and
comparatively high fat mass in girls[35]. Moreover, some studies suggested that bone and muscle growth may
be programmed differently by gender during intrauterine life[36,37]. These factors may have contributed to the
strong association between birth weight and FMI in women.

High BMI may not be the perfect measure of obesity, as it may not contain accurate information about
fat distribution[38]. However, high BMI with high FMI but not LMI, is associated with increased risk of other
diseases by reducing the level of immunity. As our study showed that high birth weight is associated with being
overweight and obese, with higher FMI compared to LMI, those born with high birth weight should be closely
monitored for obesity. If infants are born with high birth weight, early intervention may be needed against
obesity through diet and physical activity level at a young age.

There are several limitations in this study. First, since cross-sectional data was used, inferences about
causal effects cannot be made clearly and only assumptions about the relationship can be suggested. Although

the fact that the outcome, obesity and body composition, could not possibly have occurred prior to the exposure,
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birth weight, helps us infer the direction of causality, further studies are needed to clarify the causality and its
mechanism. Secondly, birth weight was self-reported in a survey, which means that the data could be less
accurate compared to birth records. Although parental factors including maternal obesity, diabetes may influence
the birth weight of their offspring, such information are not included in this survey. Despite these limitations, we
used a large study population (n=1,304) compared to previous studies, which increases credibility of this study.
We also tried to account for missing parental factors by adjusting for household income. Moreover, to the best of
our knowledge, there were no preceding studies that adjusted for as many related variables as we did, which
increases credibility of this study. Most importantly, this study targeted Koreans, an ethnicity few previous
studies have investigated upon, suggesting that ethnic differences and gender differences may exist in the body

composition and in the risk of developing obesity.
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CONCLUSION

The results of our study suggest that high birth weight may be an indicator of being overweight in

oNOYTULT D WN =

Korean adolescents. Particularly in women, high birth weight is associated with general obesity. High birth
9 weight was associated with greater fat mass compared to lean mass. These findings suggest that those born with
1 high birth weight, may be more susceptible to being overweight and obese and may merit close monitoring and

13 early intervention against obesity.
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Figure 1: Flow Diagram of the Selection Procedure for the Study Population

Figure 2: Least-squares means of FMI and LMI in total participants (n=884). We adjusted for age, sex,

residence and household income according to birth weight.

Figure 3: Least-squares means of FMI and LMI in male participants (n=407). We adjusted for age, sex,

residence and household income according to birth weight.

Figure 4: Least-squares means of FMI and LMI in female participants (n=477). We adjusted for age, sex,

residence and household income according to birth weight.
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ABSTRACT

Objective

Previous studies on the relationship between birth weight and obesity in adolescents have mostly been
conducted within Western populations and have yielded inconsistent results. We aimed to investigate the
association between birth weight, obesity, fat mass and lean mass in Korean adolescents using the fifth Korea
National Health and Nutritional Examination Survey (KNHANES V).
Methods

The study population consisted of a total of 1,304 (693 men and 611 women) participants aged
between 12 and 18 years. Adjusted odds ratio (aORs) and 95% confidence intervals (ClIs) were calculated by
multivariable logistic regression analyses to determine the association between birth weight and being
overweight or obese. Furthermore, adjusted mean values for body mass index (BMI), fat mass index (FMI),
and lean mass index (LMI) according to birth weight were calculated by multiple linear regression analyses.
Results

Individuals within the highest 25" percentile in birth weight were more likely to be overweight
(aOR=1.64, 95% CI=1.05-2.57) compared to adolescents within the 25™ and 75" percentile in birth weight.
Female adolescents who were in the highest 25" percentile in birth weight were more likely to be obese
(aOR=2.15, 95% CI=1.06-4.37) compared to those within the 25" and 75" percentile in birth weight. Increasing
FMLI, but not LMI was associated with increasing birth weight (P for trend: 0.03). This tendency remained only
in female population in sex stratified analysis (P for trend: 0.03).
Conclusions

High birth weight may lead to obesity and increased fat mass, but not lean mass. Adolescents born

with high birth weight may benefit from close weight monitoring and early intervention against obesity.

Keywords: birth weight, obesity, body composition, fat mass, lean mass
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Strengths and limitations of this study

® The study population of this study consisted of Koreans, an ethnicity few previous studies targeted,

oNOYTULT D WN =

and was relatively large (1,304 participants), raising the credibility of this study.

9 ®  We evaluated the effect of birth weight on not only BMI, but also fat mass and lean mass.

11 ® Since observational data was used, inferences about causal effects cannot be made clearly and only
13 assumptions about the relationship can be suggested.

15 ® Parental factors such as maternal obesity and diabetes that may influence the birth weight of the
offspring were not included in the survey. Furthermore, birth weight, which was self-reported in the

18 survey, may be subject to recall bias.
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INTRODUCTION

Obesity among children and adolescents have increased in prevalence from around 16.5% in 1980 to
around 23.0% in 2013 in developed countries[1]. This dramatic increase in obesity is also shown in Korea, with
an increase in prevalence of 6.8% in 1998 to around 10.0% in 2005[2,3]. Obesity in adolescence is not only
associated with cardiovascular disease and pulmonary disease, but also has psychosocial consequences[4] that
may have long-lasting implications well into adulthood. Therefore, identifying and controlling risk factors of
adolescent obesity is imperative in reducing the risk of serious illnesses later in life. Meanwhile, early life events
have been suggested to play an important role in developing obesity by altering the body composition and
control in appetite[5]. Furthermore, as one’s ability to regulate and metabolize nutrients is determined pre or
post-natally, peri-natal factors may be important predictors of obesity[6].

Among peri-natal factors, birth weight is closely related to intrauterine nutrition[7] and early body
composition. Several previous studies investigating the relationship between birth weight and obesity in
adolescents have yielded inconsistent results. While some studies have shown J-shaped or linear associations
between birth weight and body mass index (BMI) in childhood[8-10], other studies have shown no significant
relationships between birthweight and BMI[11]. In terms of the association between birth weight and body
composition, previous studies have shown that birth weight is more-closely related to lean mass compared to fat
mass in adolescents in the United Kingdom[12,13], and in Brazilian 9 year-old children[14]. Interestingly,
relatively few studies have investigated the association between birth weight and body composition in an Asian
population. As there are innate differences in body composition according to ethnicity[15,16], studies
determining the association between birth weight and body composition among Asian populations are needed.

Therefore, we investigated the association between birth weight, obesity and body composition
including fat mass, and lean mass in adolescents using the fifth Korean National Health and Nutrition

Examination Survey of 2010-2011 (KNHANES V).
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METHODS
Study population and data collection

KNHANES is a national survey conducted every year by the Ministry of Health and Welfare.
KNHANES V was performed from 2010 to 2011, and included 17,476 nationally representative non-
institutionalized civilians in Korea. KNHANES V contains data on heath interviews, health behaviours, health
examination, nutrition and large-scale whole-body dual energy X-ray absorptiometry (DXA). Target sampling
follows a stratified multi-stage clustered probability design. Details on KNHANES can be found elsewhere[17],
and the original data are publicly available via the KNHANES website.

Participants aged from 12 to 18 years (n=1,510) were initially selected for this study. We excluded
participants who did not respond to the birth weight questionnaire (n=203), and those who did not have BMI
values (n=3). The final study population included 1,304 individuals (693 men and 611 women) (Figure 1). For
the body composition study, only those with DXA examination values (n=884) were used.

Sociodemographic factors

This study considered sociodemographic factors that could affect the outcome of the analyses. Age,
sex, residential area, and household income, all of which were self-reported, were included in the analyses.
Residential area was categorized into capital, metropolitan area, and town/city. Household income was divided
into tertiles.

Assessment of birth weight, body composition and obesity

Birth weight was reported by the participants’ mothers. We categorized participants into three groups
according to their percentile of birth weight (0-25%, 25-75%, 75-100%). The cutoff points for each group were
3.00 kg and 3.50 kg. The middle group in terms of birth weight (25-75%, birth weight between 3.00kg and
3.50kg) was used as the reference group.

BMI was calculated by dividing weight by height squared (kg/m?). Body composition was measured
by DXA examinations, which were conducted by skilled technicians. We divided total fat mass and lean mass
obtained from DXA examinations by height squared to calculate fat mass index (FMI) and lean mass index
(LMI) (kg/m?) for each individual.

We defined obesity according to the guidelines by the World Health Organization Western Pacific
Region[18]. We classified the study participants into being overweight (between 85" and 95™ percentiles of BMI
of each age and sex groups or between 23 kg/m* and 25 kg/m?) and being obese (BMI > 95 percentile BMI of

each age and sex group or greater than 25 kg/m?).
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Statistical analysis

All statistical analyses were conducted using SPSS Statistics 23 (IBM Corp., Armonk, NY.) and Stata
13.0 (STATA Corp., College Station, TX, USA). The association between birth weight, being overweight, and
being obese was determined by adjusted odds ratio (aORs) and 95% confidence intervals (Cls) calculated by
logistic regression analysis. Factors such as sex, age, residence and household income were adjusted for. The
association between birth weight and the adjusted mean values of BMI and body composition was determined
by linear regression analysis. Additionally, we ran a sensitivity analysis imputing the missing data as there is a
possibility that missing data are non-random. Five imputations for missing data were performed with the use of
the Markov chain Monte Carlo multiple imputation technique. Variables adjusted for the primary analysis were
included for imputation. The pooled effect on the primary outcome was analysed after multiple imputation. A P

value of less than 0.05 was considered statistically significant.
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RESULTS

Characteristics of the study population

The general characteristics of the total study population, male participants, and female participants are
shown in Table 1. In the total population, the mean birth weight was 3.3 kg, and was slightly higher in men
compared to women (3.3 kg, 3.2 kg respectively). The prevalence of being overweight and obese was higher in
men than in women (overweight: 14.0%, 10.6% respectively; obesity: 14.7%, 11.3% respectively). The mean
values (standard deviation, SD) of FMI in adolescents was 5.8 (£2.5) kg/m2 in the total population, 5.0 (£2.5)
kg/m”in men and 6.7 (+2.2) kg/m” in women. The mean values (SD) of LMI was 15.0 (+2.1) kg/m” in the total
population, 16.0 (£2.0) kg/m” in men, and 13.8 (+1.5) kg/m’ in women.

Table 2 describes characteristics of three groups: those with complete data (n=884), those with
missing values on birth weight or BMI (n=206), and those with missing values on DXA (n=420). There were no
significant differences in the distribution of characteristics, including birth weight, BMI, FMI and LMI among
the three groups. However, those without birth weight data had higher percentage of those living in the capital
area, and being in the lowest tertile of household income compared to those with complete data. Furthermore,
both of the distribution of area of residence and household income differed significantly from the complete case
(P value <0.01 for both area of residence and household income).

Relationship between birth weight, BMI, overweight and obesity

BMI of adolescents tended to increase linearly with increasing birth weight in total participants, men
and women (P for trend: <0.01, 0.02, and 0.05 respectively) as presented in Figure 2. Table 3 shows the total and
sex-stratified ORs of being overweight and being obese according to birth weight. In the total population, the
unadjusted OR for overweight in the high birth weight group (highest 25™ percentile group) was 1.76 (95% CI
1.12-2.79) compared to the reference group. In the adjusted analysis, the high birth weight group also had higher
risk of being overweight (aOR 1.64, 95% CI 1.05-2.57) compared to the reference group. In men, the unadjusted
OR for being overweight was 2.28 (95% CI 1.29-4.04), and the association remained significant after
adjustment of co-variates (aOR 2.15, 95% CI 1.21-3.84). However, there was no association between high birth
weight and obesity in men (aOR 0.98, 95% CI 0.53-1.82). In contrast, in women, adjusted analysis
demonstrated the association between high birth weight and being obese after adjustment (aOR 2.15, 95% CI
1.06-4.37), but no association with being overweight (aOR 0.91, 95% CI 0.41-2.01). After data imputation,
results that were significant in the complete case analysis remained consistent. In the total population and male

population, the high birth weight group had higher risk of being overweight (aOR 1.43, 95% CI 1.11-2.03; aOR
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2.04, 95% CI 1.15-2.89) compared to the reference group after adjustment. In female population, high birth
weight group had higher risk of being obese (aOR 1.84, 95% CI 1.26-2.67) compared to the reference group
after adjustment.
Relationship between birth weight and body composition

The associations between birth weight, fat mass, and lean mass are presented in Figure 3 (total
participants), Figure 4 (men), and Figure 5 (women). After adjusting for sociodemographic factors, the adjusted
mean values of FMI increased significantly with increasing birth weight in the total population (P for trend:
0.03). However, LMI showed no significant increase with increasing birth weight (P for trend: 0.08). In male
participants, higher birth weight was neither associated with higher FMI nor LMI (P for trend: 0.20, 0.25
respectively). In female participants, higher birth weight was associated with higher FMI (P for trend: 0.03),
while LMI showed an inverse U-shape (P for trend: 0.25). Even after imputing the missing data, the overall
trend of positive correlation between birth weight and FMI did not change. In women and the total population,
FMI increased significantly with increasing birth weight (P for trend: <0.01 for both women and the total

population). However, LMI did not increase with increasing birth weight (P for trend: 0.20).
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Table 1. General characteristics of the study population

Total (n=1,304) Men (n=693) Women (n=611)

oNOYTULT D WN =

Age (year), means.d 14.7 (2.0) 14.7 (2.0) 14.8 (1.9)
Residence

9 Capital 284 (21.8) 151 (21.8) 133 (21.8)
10 Metropolitan 279 (21.4) 148 (21.4) 131 (21.4)
1 Town/City 741 (56.8) 394 (56.9) 347 (56.8)
12 Household Income

13 Lowest Third 144 (11.2) 64 (9.4) 80 (13.3)
14 Middle Third 727 (56.6) 385 (56.5) 342 (56.8)
15 Highest Third 413 (32.2) 233 (34.2) 180 (29.9)
16 Birth Weight, meanzs.d 3.3(0.5) 3.3(0.5) 3.2(0.5)

17 Obesity

18 Overweight * . 162 (12.4) 97 (14.0) 65 (10.6)
General Obesity 171 (13.1) 102 (14.7) 69 (11.3)
20 Body Composition

Body Mass Index (kg/m?), mean+s.d 21.0(3.7) 21.2(3.8) 20.7 (3.4)
Fat Mass Index (kg/m?), mean+s.d 5.8(2.5) 5.0(2.5) 6.7(2.2)

Lean Mass Index (kg/ m%), means.d 15.0(2.1) 16.0 (2.0) 13.8 (1.5)

26 Note: Data presented in number (percentage) with appropriate units unless otherwise stated.
27 * Overweight: BMI > 85 percentile BMI of age and sex or 23 kg/m?, but not obesity
28 " General Obesity (Korean criteria): BMI > 95 percentile BMI of age and sex or 25 kg/m’
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Table 2. Comparison of general characteristics between complete cases and cases with missing data

Complete Case ~ Missing Case® Pvalue? Missing Case P value®

(n=884) (n=206) (n=420)
Age (year), means.d 14.7 (1.9) 14.9 (2.0) 0.13 14.8 (2.0) 0.19
Residence <0.01 0.28
Capital 191 (21.6) 68 (33.0) 93 (22.1)
Metropolitan 179 (20.3) 42 (20.4) 100 (23.8)
Town/City 514 (58.1) 96 (46.6) 227 (54.1)
Household Income <0.01 0.56
Lowest Third 103 (11.9) 54 (27.1) 41 (9.9)
Middle Third 487 (56.1) 99 (49.8) 240 (57.7)
Highest Third 278 (32.0) 46 (23.1) 135 (32.5)
Birth Weight, means.d 3.2(0.5) 3.0(0.8) 0.33 3.3(0.5) 0.07
Obesity
Overweight * 117 (13.2) 9(10.3) 0.57 45 (10.7) 0.20
General Obesityb 114 (12.9) 10 (11.5) 0.66 57 (13.6) 0.74
Body Composition
Body Mass Index (kg/m2), meanss.d 20.9 (3.6) 20.4 (3.5) 0.13 21.0(3.7) 0.72
Fat Mass Index (kg/m?), meanss.d 5.8(2.5) 5.3 (2.5) 0.15
Lean Mass Index (kg/ m%), meanss.d 15.0 (2.1) 15.2(2.3) 0.36

Note: Data presented in number (percentage) with appropriate units unless otherwise stated.
* Overweight: BMI > 85 percentile BMI of age and sex or 23 kg/m”, but not obesity

" General Obesity (Korean criteria): BMI > 95 percentile BMI of age and sex or 25 kg/m’

¢ Cases with missing values on birth weight or bmi (cases removed from obesity analysis)
4P value of the difference between complete case and missing case ©

¢ Cases with missing values on DXA (cases removed from body composition analysis)

P value of the difference between complete case and missing case ©
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Table 3: Crude and adjusted analyses of the association between birth weight and obesity in Korean adolescents

Overweight General Obesity
Birth Weight Crude Weighted®  Crude OR Adjusted® OR Crude Weighted®  Crude OR Adjusted® OR
Prevalence  Prevalence (95% CI) (95% CI) Prevalence  Prevalence  (95% CI) (95% CI)
n (%) % n (%) %
Men (n=693)
0-25 % (n=141) 18 (12.8) 149 1.51(0.75-3.03) 1.41(0.68-2.91) 21(14.9) 150 1.06 (0.54-2.09)  1.06 (0.54-2.06)
25-75 % (n=354) 44 (12.4) 104 1 (referent) 1 (referent) 51(14.4) 14.3 1 (referent) 1 (referent)
75-100 % (n=198) 35(17.7) 210 2.28(1.29-4.04) 2.15(1.21-3.84) 30(152) 137 0.96 (0.54-1.70)  0.98 (0.53-1.82)
P for trend 0.17 0.17 0.78 0.85
Women (n=611)
0-25 % (n=163) 15(9.2) 8.2 0.80(0.38-1.71) ~ 0.81(0.39-1.68) 17 (10.4)  10.0 0.91(0.44-1.87)  1.00 (0.49-2.07)
25-75 % (n=326) 34(104) 10.1 1 (referent) 1 (referent) 33 (10.1) 10.9 1 (referent) 1 (referent)
75-100% (n=122) 16 (13.1) 9.2 0.91(0.43-1.91) 091 (0.41-2.01) 19(15.6) 19.1 1.92(0.94-3.91)  2.15(1.06-4.37)
P for trend 0.72 0.74 0.09 0.09
Total (n=1,304)
0-25 % (n=304) 33(109) 113 1.11(0.67-1.86) 1.13(0.66-1.91) 38 (12.5) 123 0.96 (0.59-1.58)  1.04 (0.63-1.70)
25-75 % (n=680) 78 (11.5) 10.3 1 (referent) 1 (referent) 84 (12.4) 12.7 1 (referent) 1 (referent)
75-100% (n=320) 51(159) 168 1.76 (1.12-2.79)  1.64 (1.05-2.57) 49 (153) 15.6 1.27 (0.81-1.99)  1.36 (0.85-2.17)

P for trend

0.11

0.17

0.30

0.33

Acronyms: OR, Odds Ratio; CI, Confidence Intervals

* Prevalence after applying sampling weights
b Adjusted for age, sex, residence, household income.
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DISCUSSION

In this cross-sectional study of Korean adolescents, we have shown that higher birth weight was
associated with a higher risk of being overweight in men and obese in women. Also, higher birth weight was
associated with greater BMI and FMI, but not LML

Higher birth weight was associated with increased risk of being overweight in the total population and
in male adolescents. This is consistent with previous cohort studies that showed birth weight is associated with
being overweight in male adolescents[11,19]. A recent meta-analysis on birth weight and long-term overweight
risk is also consistent with our study that overweight is associated with high birth weight[20]. Furthermore, high
birth weight was associated with increased risk of obesity among women, but not in men or the total population.
This differs from previous studies that have shown that high birth weight increased the risk of obesity in
adolescents in both men and women[8,10]. However, it was consistent with another study[11] that additionally
adjusted for family income. Several other studies have shown that higher birth weight is associated with being
overweight or obese in children[8,21], and in adults[5,22,23]. It is known that alterations in body fat distribution
begin during puberty due to hormones including cortisol, insulin, growth hormone, and sex steroids[24]. The
fact that adolescents are physiologically different in body composition from children and adults may account for
the differing results from studies that targeted children or adults.

Higher birth weight was related to higher FMI, but not LMI. This contradicts preceding studies which
have shown that higher birth weight is associated with greater lean mass[12-14]. One possible explanation for
this trend in increasing fat mass but not lean mass with greater birth weight may be due to the fact that Asians
tended to have greater proportions of fat compared to other ethnicities. It has been shown that BMI and body fat
percent are ethnic specific, possibly due to the differences in frame size, relative leg length and physical activity
level[15,16,25].

The linear relationship between birth weight and FMI contradicts some of the previous studies that
have shown J- or U-shaped relationships between birth weight and fat mass[8,26,27]. Previous studies have
attempted to explain the J- or U-shaped relationship between birth weight and fat mass by citing studies that
show infants who are born small experience rapid catch up growth in early infancy, which results in larger fat
mass in later life[28,29]. While we could not reveal clear reasons for the discrepancy in our results compared to
previous studies as we did not have information on postnatal weight gain, one possible explanation may be due

to the ethnic differences of body composition as mentioned previously. Future studies investigating the
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association between birth weight and postnatal weight gain in terms of the effect of body composition are
needed.

The significant association between birth weight, obesity, FMI, and LMI may be explained by genetic
factors. It is said that about 50% of the variance in birth weight and more than 50% of the variance in BMI are
attributed to shared genetic factors[30,31]. Therefore, it seems rational to speculate that the genetic factors that
made infants heavier could also contribute to the increased risk of greater BMI later in life. Another explanation
could be that intrauterine environment, which contributes to birth weight, also affects the formation of the fetal
organs involved in energy metabolism by altering the transfer of metabolic substances between mother and
fetus[32].

In this study, the relationship between birth weight and both obesity and body composition was
different among men and women. Similarly, among previous studies that dealt with relationships between birth
weight and possible outcomes in later life including obesity, blood pressure[33], lipid levels[34] and insulin
action[35], many have shown gender differences. As those factors, such as metabolic variables and blood
pressure, are closely related to body composition[36-38], these findings indicate that men and women could
have different mechanisms for body composition. It is suggested that sex steroid hormones alter the body
composition during pubertal development[39,40]. Estrogen, for example, is known to play a crucial role in body
fat distribution[39]. This difference in hormone actions lead to more increased lean mass in boys, and
comparatively high fat mass in girls[41]. Moreover, some studies suggested that bone and muscle growth may
be programmed differently by gender during intrauterine life[42,43]. These factors may have contributed to the
strong association between birth weight and FMI in women.

There are several limitations in this study. First, since observational data was used, inferences about
causal effects cannot be made clearly and only assumptions about the relationship can be suggested. Further
studies are needed to clarify the causality and its mechanism. Secondly, birth weight was self-reported in a
survey, which means that the data could be less accurate compared to birth records. Although parental factors
including maternal obesity, diabetes may influence the birth weight of their offspring, such information are not
included in this survey. Despite these limitations, we tried to account for parental factors by adjusting for
household income. Also, we used a large study population (n=1,304) and performed sensitivity analysis, which
makes our study generalisable to the Korean population, while further studies on other population are

recommended to apply the results to other ethnics. Most importantly, this study targeted Koreans, an ethnicity
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few previous studies have investigated upon, suggesting that ethnic differences and gender differences may exist

in the body composition and in the risk of developing obesity.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 14 of 27



Page 15 of 27 BMJ Open

CONCLUSION

The results of our study suggest that high birth weight may be an indicator of being overweight in

oNOYTULT D WN =

Korean adolescents. Particularly in women, high birth weight is associated with higher risk of general obesity.
9 High birth weight was associated with greater fat mass compared to lean mass. These findings suggest that those
1 born with high birth weight, may be more susceptible to being overweight and obese and may merit close

13 monitoring and early intervention against obesity.
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Figure 1: Flow Diagram of the Selection Procedure for the Study Population

Figure 2: Least-squares means of BMI in total participants (n=1304), male (n=693), and female (n=611). We

adjusted for age, sex, residence and household income according to birth weight.

Figure 3: Least-squares means of FMI and LMI in total participants (n=884). We adjusted for age, sex,

residence and household income according to birth weight.

Figure 4: Least-squares means of FMI and LMI in male participants (n=407). We adjusted for age, sex,

residence and household income according to birth weight.

Figure 5: Least-squares means of FMI and LMI in female participants (n=477). We adjusted for age, sex,

residence and household income according to birth weight.
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Figure 2: Least-squares means of BMI in total participants (n=1304), male (n=693), and female (n=611).
We adjusted for age, sex, residence and household income according to birth weight.
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Figure 3: Least-squares means of FMI and LMI in total participants (n=884). We adjusted for age, sex,
21 residence and household income according to birth weight.
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Figure 4: Least-squares means of FMI and LMI in male participants (n=407). We adjusted for age, sex,
residence and household income according to birth weight.
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ABSTRACT

Objective

Previous studies on the relationship between birth weight and obesity in adolescents have mostly been
conducted within Western populations and have yielded inconsistent results. We aimed to investigate the
association between birth weight, obesity, fat mass and lean mass in Korean adolescents using the fifth Korea
National Health and Nutritional Examination Survey (KNHANES V).
Methods

The study population consisted of a total of 1,304 (693 men and 611 women) participants aged
between 12 and 18 years. Adjusted odds ratio (aORs) and 95% confidence intervals (ClIs) were calculated by
multivariable logistic regression analyses to determine the association between birth weight and being
overweight or obese. Furthermore, adjusted mean values for body mass index (BMI), fat mass index (FMI),
and lean mass index (LMI) according to birth weight were calculated by multiple linear regression analyses.
Results

Individuals within the highest 25" percentile in birth weight were more likely to be overweight
(aOR=1.75, 95% CI=1.11-2.76) compared to adolescents within the 25" and 75" percentile in birth weight.
Female adolescents who were in the highest 25" percentile in birth weight were more likely to be obese
(aOR=2.13, 95% CI=1.03-4.41) compared to those within the 25" and 75" percentile in birth weight. Increasing
FMLI, but not LMI was associated with increasing birth weight (P for trend: 0.03). This tendency remained only
in female population in sex stratified analysis (P for trend: 0.03).
Conclusions

High birth weight may lead to obesity and increased fat mass, but not lean mass. Adolescents born

with high birth weight may benefit from close weight monitoring and early intervention against obesity.

Keywords: birth weight, obesity, body composition, fat mass, lean mass
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Strengths and limitations of this study

® The study population of this study consisted of Koreans, an ethnicity few previous studies targeted,

oNOYTULT D WN =

and was relatively large (1,304 participants), raising the credibility of this study.

9 ®  We evaluated the effect of birth weight on not only BMI, but also fat mass and lean mass.

11 ® Since observational data was used, inferences about causal effects cannot be made clearly and only
13 assumptions about the relationship can be suggested.

15 ® Parental factors such as maternal obesity and diabetes that may influence the birth weight of the
offspring were not included in the survey. Furthermore, birth weight, which was self-reported in the

18 survey, may be subject to recall bias.
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INTRODUCTION

Obesity among children and adolescents have increased in prevalence from around 16.5% in 1980 to
around 23.0% in 2013 in developed countries[1]. This dramatic increase in obesity is also shown in Korea, with
an increase in prevalence of 6.8% in 1998 to around 10.0% in 2005[2,3]. Obesity in adolescence is not only
associated with cardiovascular disease and pulmonary disease, but also has psychosocial consequences[4] that
may have long-lasting implications well into adulthood. Therefore, identifying and controlling risk factors of
adolescent obesity is imperative in reducing the risk of serious illnesses later in life. Meanwhile, early life events
have been suggested to play an important role in developing obesity by altering the body composition and
control in appetite[5]. Furthermore, as one’s ability to regulate and metabolize nutrients is determined pre or
post-natally, peri-natal factors may be important predictors of obesity[6].

Among peri-natal factors, birth weight is closely related to intrauterine nutrition[7] and early body
composition. Several previous studies investigating the relationship between birth weight and obesity in
adolescents have yielded inconsistent results. While some studies have shown J-shaped or linear associations
between birth weight and body mass index (BMI) in childhood[8-10], other studies have shown no significant
relationships between birthweight and BMI[11]. In terms of the association between birth weight and body
composition, previous studies have shown that birth weight is more-closely related to lean mass compared to fat
mass in adolescents in the United Kingdom[12,13], and in Brazilian 9 year-old children[14]. Interestingly,
relatively few studies have investigated the association between birth weight and body composition in an Asian
population. As there are innate differences in body composition according to ethnicity[15,16], studies
determining the association between birth weight and body composition among Asian populations are needed.

Therefore, we investigated the association between birth weight, obesity and body composition
including fat mass, and lean mass in adolescents using the fifth Korean National Health and Nutrition

Examination Survey of 2010-2011 (KNHANES V).
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METHODS
Study population and data collection

KNHANES is a national survey conducted every year by the Ministry of Health and Welfare.
KNHANES V was performed from 2010 to 2011, and included 17,476 nationally representative non-
institutionalized civilians in Korea. KNHANES V contains data on heath interviews, health behaviours, health
examination, nutrition and large-scale whole-body dual energy X-ray absorptiometry (DXA). Target sampling
follows a stratified multi-stage clustered probability design. Details on KNHANES can be found elsewhere[17],
and the original data are publicly available via the KNHANES website.

Participants aged from 12 to 18 years (n=1,510) were initially selected for this study. We excluded
participants who did not respond to the birth weight questionnaire (n=203), and those who did not have BMI
values (n=3). The final study population included 1,304 individuals (693 men and 611 women) (Figure 1). For
the body composition study, only those with DXA examination values (n=884) were used.

Sociodemographic factors

This study considered sociodemographic factors that could affect the outcome of the analyses. Age,
sex, residential area, and household income, all of which were self-reported, were included in the analyses.
Residential area was categorized into capital, metropolitan area, and town/city. Household income was divided
into tertiles.

Assessment of birth weight, body composition and obesity

Birth weight was reported by the participants’ mothers. We categorized participants into three groups
according to their percentile of birth weight (0-25%, 25-75%, 75-100%). The cutoff points for each group were
3.00 kg and 3.50 kg. The middle group in terms of birth weight (25-75%, birth weight between 3.00kg and
3.50kg) was used as the reference group.

BMI was calculated by dividing weight by height squared (kg/m?). Body composition was measured
by DXA examinations, which were conducted by skilled technicians. We divided total fat mass and lean mass
obtained from DXA examinations by height squared to calculate fat mass index (FMI) and lean mass index
(LMI) (kg/m?) for each individual.

We defined obesity according to the guidelines by the World Health Organization Western Pacific
Region[18]. We classified the study participants into being overweight (between 85" and 95™ percentiles of BMI
of each age and sex groups or between 23 kg/m* and 25 kg/m?) and being obese (BMI > 95 percentile BMI of

each age and sex group or greater than 25 kg/m?).
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Statistical analysis

All statistical analyses were conducted using SPSS Statistics 23 (IBM Corp., Armonk, NY.) and Stata
13.0 (STATA Corp., College Station, TX, USA). The association between birth weight, being overweight, and
being obese was determined by adjusted odds ratio (aORs) and 95% confidence intervals (Cls) calculated by
logistic regression analysis. Participants being neither overweight nor obese were used as a “noncase” in both
overweight and obesity analyses. Factors such as sex, age, residence and household income were adjusted for.
The association between birth weight and the adjusted mean values of BMI and body composition was

determined by linear regression analysis.

Additionally, we ran a sensitivity analysis imputing the missing data as there is a possibility that
missing data are non-random. Markov chain Monte Carlo multiple imputation technique was used to create forty
datasets, following conservative recommendations[19]. In addition to variables included in the primary analyses
(e.g. sociodemographic factors, birthweight, BMI, and DXA data), health behaviours information (e.g. smoking,
drinking, physical activity, and energy consumption) and health status related to obesity (e.g. hypertension,
diabetes, asthma, and impaired fasting glucose) were included as auxiliary variables. The pooled effect on the
primary outcome was analysed after multiple imputation. For all analyses, a P value of less than 0.05 was

considered statistically significant.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 6 of 26



Page 7 of 26

oNOYTULT D WN =

BMJ Open

RESULTS

Characteristics of the study population

The general characteristics of the total study population, male participants, and female participants are
shown in Table 1. In the total population, the mean birth weight was 3.3 kg, and was slightly higher in men
compared to women (3.3 kg, 3.2 kg respectively). The prevalence of being overweight and obese was higher in
men than in women (overweight: 14.0%, 10.6% respectively; obesity: 14.7%, 11.3% respectively). The mean
values (standard deviation, SD) of FMI in adolescents was 5.8 (£2.5) kg/m2 in the total population, 5.0 (£2.5)
kg/m”in men and 6.7 (+2.2) kg/m” in women. The mean values (SD) of LMI was 15.0 (+2.1) kg/m” in the total
population, 16.0 (£2.0) kg/m” in men, and 13.8 (+1.5) kg/m’ in women.

Table 2 describes characteristics of three groups: those with complete data (n=884), those with
missing values on birth weight or BMI (n=206), and those with missing values on DXA (n=420). There were no
significant differences in the distribution of characteristics, including birth weight, BMI, FMI and LMI among
the three groups. However, those without birth weight or BMI data had higher percentage of those living in the
capital area, and being in the lowest tertile of household income compared to those with complete data.
Furthermore, both of the distribution of area of residence and household income differed significantly from the
complete case (P value <0.01 for both area of residence and household income).

Relationship between birth weight, BMI, overweight and obesity

BMI of adolescents tended to increase linearly with increasing birth weight in total participants, men
and women (P for trend: <0.01, 0.01, and 0.05 respectively) as presented in Figure 2. Table 3 shows the total and
sex-stratified ORs of being overweight and being obese according to birth weight. In the total population, the
unadjusted OR for overweight in the high birth weight group (highest 25™ percentile group) was 1.87 (95% CI
1.17-2.97) compared to the reference group. In the adjusted analysis, the high birth weight group also had higher
risk of being overweight (aOR 1.75, 95% CI 1.11-2.76) compared to the reference group. In men, the unadjusted
OR for being overweight was 2.32 (95% CI 1.30-4.16), and the association remained significant after
adjustment of co-variates (aOR 2.19, 95% CI 1.20-3.98). However, there was no association between high birth
weight and obesity in men (aOR 1.16, 95% CI 0.62-2.18). In contrast, in women, adjusted analysis
demonstrated the association between high birth weight and being obese after adjustment (aOR 2.13, 95% CI
1.03-4.41), but no association with being overweight (aOR 1.05, 95% CI 0.47-2.37). After data imputation,
results that were significant in the complete case analysis remained consistent. In the total population and male

population, the high birth weight group had higher risk of being overweight (aOR 1.70, 95% CI 1.08-2.54; aOR
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2.12, 95% CI 1.17-3.99) compared to the reference group after adjustment. In female population, high birth
weight group had higher risk of being obese (aOR 2.18, 95% CI 1.11-4.49) compared to the reference group
after adjustment.
Relationship between birth weight and body composition

The associations between birth weight, fat mass, and lean mass are presented in Figure 3 (total
participants), Figure 4 (men), and Figure 5 (women). After adjusting for sociodemographic factors, the adjusted
mean values of FMI increased significantly with increasing birth weight in the total population (P for trend:
0.03). However, LMI showed no significant increase with increasing birth weight (P for trend: 0.08). In male
participants, higher birth weight was neither associated with higher FMI nor LMI (P for trend: 0.20, 0.25
respectively). In female participants, higher birth weight was associated with higher FMI (P for trend: 0.03),
while LMI showed an inverse U-shape (P for trend: 0.25). Even after imputing the missing data, the overall
trend of positive correlation between birth weight and FMI did not change. In women and the total population,
FMI increased significantly with increasing birth weight (P for trend: <0.01 for both women and the total

population). However, LMI did not increase with increasing birth weight (P for trend: 0.20).
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Table 1. General characteristics of the study population

Total (n=1,304) Men (n=693) Women (n=611)

oNOYTULT D WN =

Age (year), means.d 14.7 (2.0) 14.7 (2.0) 14.8 (1.9)
Residence

9 Capital 284 (21.8) 151 (21.8) 133 (21.8)
10 Metropolitan 279 (21.4) 148 (21.4) 131 (21.4)
1 Town/City 741 (56.8) 394 (56.9) 347 (56.8)
12 Household Income

13 Lowest Third 144 (11.2) 64 (9.4) 80 (13.3)
14 Middle Third 727 (56.6) 385 (56.5) 342 (56.8)
15 Highest Third 413 (32.2) 233 (34.2) 180 (29.9)
16 Birth Weight, meanzs.d 3.3(0.5) 3.3(0.5) 3.2(0.5)

17 Obesity

18 Overweight * . 162 (12.4) 97 (14.0) 65 (10.6)
General Obesity 171 (13.1) 102 (14.7) 69 (11.3)
20 Body Composition

Body Mass Index (kg/m?), mean+s.d 21.0(3.7) 21.2(3.8) 20.7 (3.4)
Fat Mass Index (kg/m?), mean+s.d 5.8(2.5) 5.0(2.5) 6.7(2.2)

Lean Mass Index (kg/m?), meants.d 15.0(2.1) 16.0 (2.0) 13.8 (1.5)

26 Note: Data presented in number (percentage) with appropriate units unless otherwise stated.
27 * Overweight: BMI > 85 percentile BMI of age and sex or 23 kg/m?, but not obesity
28 " General Obesity (Korean criteria): BMI > 95 percentile BMI of age and sex or 25 kg/m’
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Table 2. Comparison of general characteristics between complete cases and cases with missing data

Complete Case  Missing Case® P value? Missing Case® P value '

(n=884) (n=206) (n=420)
Age (year), means.d 14.7 (1.9) 14.9 (2.0) 0.13 14.8 (2.0) 0.19
Residence <0.01 0.28
Capital 191 (21.6) 68 (33.0) 93 (22.1)
Metropolitan 179 (20.3) 42 (20.4) 100 (23.8)
Town/City 514 (58.1) 96 (46.6) 227 (54.1)
Household Income <0.01 0.56
Lowest Third 103 (11.9) 54 (27.1) 41 (9.9)
Middle Third 487 (56.1) 99 (49.8) 240 (57.7)
Highest Third 278 (32.0) 46 (23.1) 135 (32.5)
Birth Weight, means.d 3.2(0.5) 3.0(0.8) 0.33 3.3(0.5) 0.07
Obesity
Overweight * 117 (13.2) 9(10.3) 0.57 45 (10.7) 0.20
General Obesityb 114 (12.9) 10 (11.5) 0.66 57 (13.6) 0.74
Body Composition
Body Mass Index (kg/m2), meanss.d 20.9 (3.6) 20.4 (3.5) 0.13 21.0(3.7) 0.72
Fat Mass Index (kg/m?), meanss.d 5.8(2.5) 5.3 (2.5) 0.15
Lean Mass Index (kg/ m%), meanss.d 15.0 (2.1) 15.2(2.3) 0.36

Note: Data presented in number (percentage) with appropriate units unless otherwise stated.
* Overweight: BMI > 85 percentile BMI of age and sex or 23 kg/m”, but not obesity

" General Obesity (Korean criteria): BMI > 95 percentile BMI of age and sex or 25 kg/m’

¢ Cases with missing values on birth weight or BMI (cases removed from obesity analysis)
4P value of the difference between complete case and missing case ©

¢ Cases with missing values on DXA (cases removed from body composition analysis)

P value of the difference between complete case and missing case ©
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Table 3: Crude and adjusted analyses of the association between birth weight and obesity in Korean adolescents

Noncase®  Overweight General Obesity
Birth Weight Weighted Weighted Crude OR Adjusted” OR Weighted Crude OR Adjusted” OR
Proportion Proportion (95% CI) (95% CI) Proportion (95% CI) (95% CI)
% % %
Men (n=693)
0-25 % (n=141) 70.1 14.9 1.54 (0.76-3.12)  1.46 (0.70-3.05) 15.0 1.13 (0.57-2.24)  1.09 (0.55-2.16)
25-75 % (n=354) 75.3 10.4 1 (referent) 1 (referent) 14.3 1 (referent) 1 (referent)
75-100 % (n=198)  65.3 21.0 2.32(1.30-4.16) 2.19(1.20-3.98) 13.7 1.11 (0.62-2.00)  1.16 (0.62-2.18)
P for trend 0.17 0.19 1.00 0.83
Women (n=611)
0-25 % (n=163) 81.7 82 0.79 (0.37-1.69)  0.80(0.38-1.69) 10.0 0.89 (0.43-1.84)  0.95 (0.46-1.97)
25-75 % (n=326) 79.0 10.1 1 (referent) 1 (referent) 10.9 1 (referent) 1 (referent)
75-100% (n=122) 71.7 92 1.01 (0.47-2.15)  1.05(0.47-2.37) 19.1 1.92(0.93-3.96)  2.13 (1.03-4.41)
P for trend 0.55 0.52 0.08 0.08
Total (n=1,304)
0-25 % (n=304) 76.4 11.3 1.11 (0.66-1.87) 1.15(0.67-1.96) 12.3 0.98 (0.59-1.61)  1.05(0.63-1.74)
25-75 % (n=680) 77.1 10.3 1 (referent) 1 (referent) 12.7 1 (referent) 1 (referent)
75-100% (n=320) 67.6 16.8 1.87(1.17-2.97) 1.75(1.11-2.76) 15.6 1.40 (0.89-2.21)  1.51(0.95-2.42)

P for trend

0.08

0.14

0.19

0.20

Acronyms: OR, Odds Ratio; CI, Confidence Intervals

* Those being neither overweight nor obese.
b Adjusted for age, sex, residence, and household income.
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DISCUSSION

In this cross-sectional study of Korean adolescents, we have shown that higher birth weight was
associated with a higher risk of being overweight in men and obese in women. Also, higher birth weight was
associated with greater BMI and FMI, but not LML

Higher birth weight was associated with increased risk of being overweight in the total population and
in male adolescents. This is consistent with previous cohort studies that showed birth weight is associated with
being overweight in male adolescents[11,20]. Furthermore, high birth weight was associated with increased risk
of obesity among women, but not in men or the total population. This differs from previous studies that have
shown that high birth weight increased the risk of obesity in adolescents in both men and women[8,10].
However, it was consistent with another study[11] that additionally adjusted for family income. Several other
studies have shown that higher birth weight is associated with being overweight or obese in children[8,21], and
in adults[5,22,23]. It is known that alterations in body fat distribution begin during puberty due to hormones
including cortisol, insulin, growth hormone, and sex steroids[24]. The fact that adolescents are physiologically
different in body composition from children and adults may account for the differing results from studies that
targeted children or adults.

Higher birth weight was related to higher FMI, but not LMI. This contradicts preceding studies which
have shown that higher birth weight is associated with greater lean mass[12-14]. One possible explanation for
this trend in increasing fat mass but not lean mass with greater birth weight may be due to the fact that Asians
tended to have greater proportions of fat compared to other ethnicities. It has been shown that BMI and body fat
percent are ethnic specific, possibly due to the differences in frame size, relative leg length and physical activity
level[15,16,25].

The linear relationship between birth weight and FMI contradicts some of the previous studies that
have shown J- or U-shaped relationships between birth weight and fat mass[8,26,27]. Previous studies have
attempted to explain the J- or U-shaped relationship between birth weight and fat mass by citing studies that
show infants who are born small experience rapid catch up growth in early infancy, which results in larger fat
mass in later life[28,29]. While we could not reveal clear reasons for the discrepancy in our results compared to
previous studies as we did not have information on postnatal weight gain, one possible explanation may be due
to the ethnic differences of body composition as mentioned previously. Future studies investigating the
association between birth weight and postnatal weight gain in terms of the effect of body composition are

needed.
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The significant association between birth weight, obesity, and FMI may be explained by genetic
factors. It is said that about 50% of the variance in birth weight and more than 50% of the variance in BMI are
attributed to shared genetic factors[30,31]. Therefore, it seems rational to speculate that the genetic factors that
made infants heavier could also contribute to the increased risk of greater BMI later in life. Another explanation
could be that intrauterine environment, which contributes to birth weight, also affects the formation of the fetal
organs involved in energy metabolism by altering the transfer of metabolic substances between mother and
fetus[32].

In this study, the relationship between birth weight and both obesity and body composition was
different among men and women. Similarly, among previous studies that dealt with relationships between birth
weight and possible outcomes in later life including obesity, blood pressure[33], lipid levels[34] and insulin
action[35], many have shown gender differences. As those factors, such as metabolic variables and blood
pressure, are closely related to body composition[36-38], these findings indicate that men and women could
have different mechanisms for body composition. It is suggested that sex steroid hormones alter the body
composition during pubertal development[39,40]. Estrogen, for example, is known to play a crucial role in body
fat distribution[39]. This difference in hormone actions lead to more increased lean mass in boys, and
comparatively high fat mass in girls[41]. Moreover, some studies suggested that bone and muscle growth may
be programmed differently by gender during intrauterine life[42,43]. These factors may have contributed to the
strong association between birth weight and FMI in women.

There are several limitations in this study. First, since observational data was used, inferences about
causal effects cannot be made clearly and only assumptions about the relationship can be suggested. Further
studies are needed to clarify the causality and its mechanism. Secondly, birth weight was self-reported in a
survey, which means that the data could be less accurate compared to birth records. Although parental factors
including maternal obesity, diabetes may influence the birth weight of their offspring, such information are not
included in this survey. Despite these limitations, we tried to account for parental factors by adjusting for
household income. Also, we used a large study population (n=1,304) and performed sensitivity analysis, which
makes our study generalisable to the Korean population, while further studies on other population are
recommended to apply the results to other ethnics. Most importantly, this study targeted Koreans, an ethnicity
few previous studies have investigated upon, suggesting that ethnic differences and gender differences may exist

in the body composition and in the risk of developing obesity.
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CONCLUSION

The results of our study suggest that high birth weight may be an indicator of being overweight in
Korean adolescents. Particularly in women, high birth weight is associated with higher risk of general obesity.
High birth weight was associated with greater fat mass compared to lean mass. These findings suggest that those
born with high birth weight, may be more susceptible to being overweight and obese and may merit close

monitoring and early intervention against obesity.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 14 of 26



Page 15 of 26 BMJ Open

ACKNOWLEDGEMENTS
This study used survey data from the Korea National Health and Nutritional Examination Survey,

conducted by Ministry of Health and Welfare, Republic of Korea. We express our gratitude towards

oNOYTULT D WN =

9 investigators and participants of survey for providing these data.
1 Kyuwoong Kim received a scholarship from the BK21-plus education programme provided by the

13 National Research Foundation of Korea.

CONTRIBUTORSHIP
18 In this study, Myunggee Kang designed the study, analysed the data, interpreted the results and wrote
20 the paper as a first author. Jung Eun Yoo and Seulggie Choi contributed to data analysis and result interpretation.
22 Kyuwoong Kim contributed to data analysis and literature research. Sang Min Park contributed to study design
24 and results interpretation. All authors were involved in revising the paper and approved the final paper as

submitted.

29 CONFLICT OF INTEREST STATEMENT

31 No conflict of interest was declared.

33 ETHICAL APPROVAL
35 This study did not need ethical approval of our Institutional Review Board, since the survey data
37 examined were publicly available.
39 FUNDING
This research received no specific grant from any funding agency in the public, commercial or not-
for-profit sectors
44 DATA SHARING
46 All relevant materials are provided in the manuscript. KNHANES V, raw data used in this is available

48 from http://knhanes.cdc.go.kr.

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

REFERENCES

1. Ng M, Fleming T, Robinson M, et al. Global, regional, and national prevalence of overweight
and obesity in children and adults during 1980-2013: a systematic analysis for the Global
Burden of Disease Study 2013. Llancet 2014;384(9945):766-81. doi: 10.1016/S0140-
6736(14)60460-8
2. Park J, Hilmers DC, Mendoza JA, et al. Prevalence of metabolic syndrome and obesity in
adolescents aged 12 to 19 years: comparison between the United States and Korea. /
Korean Med Sci 2010;25(1):75-82. doi: 10.3346/jkms.2010.25.1.75
3. Ha KH, Kim DJ. Epidemiology of Childhood Obesity in Korea. Endocrinol/ Metab (Seoul)
2016;31(4):510-18. doi: 10.3803/EnM.2016.31.4.510
. Ebbeling CB, Pawlak DB, Ludwig DS. Childhood obesity: public-health crisis, common sense cure.
Lancet 2002;360(9331):473-82. doi: 10.1016/S0140-6736(02)09678-2
5. Oken E, Gillman MW. Fetal origins of obesity. Obes Res 2003;11(4):496-506. doi:
10.1038/0by.2003.69
. Spencer SJ. Early life programming of obesity: the impact of the perinatal environment on the

N

(o))

development of obesity and metabolic dysfunction in the offspring. Curr Diabetes Rev
2012;8(1):55-68.

. Godfrey K, Robinson S, Barker DJ, et al. Maternal nutrition in early and late pregnancy in
relation to placental and fetal growth. BM/ 1996;312(7028):410-4.

8. Yuan ZP, Yang M, Liang L, et al. Possible role of birth weight on general and central obesity in

~

Chinese children and adolescents: a cross-sectional study. Ann Epidemio/ 2015;25(10):748-
52. doi: 10.1016/j.annepidem.2015.05.011

9. Sacco MR, de Castro NP, Euclydes VL, et al. Birth weight, rapid weight gain in infancy and
markers of overweight and obesity in childhood. £ur / Clin Nutr 2013;67(11):1147-53. doi:
10.1038/ejcn.2013.183

10. Loaiza S, Atalah E. Birth weight and obesity risk at first grade of high school in a non-
concurrent cohort of Chilean children. Public Health Nutr 2013;16(2):228-32. doi:
10.1017/5136898001200362X

11. Rossi CE, de Vasconcelos Fde A. Relationship between birth weight and overweight/obesity
among students in Florianopolis, Santa Catarina, Brazil: a retrospective cohort study. Sao
Paulo Med J2014;132(5):273-81.

12. Singhal A, Wells J, Cole TJ, et al. Programming of lean body mass: a link between birth weight,
obesity, and cardiovascular disease? Am J Clin Nutr2003;77(3):726-30.

13. Chomtho S, Wells JC, Williams JE, et al. Associations between birth weight and later body
composition: evidence from the 4-component model. Am J Clin Nutr 2008;88(4):1040-8.

14. Wells JC, Hallal PC, Wright A, et al. Fetal, infant and childhood growth: relationships with body
composition in Brazilian boys aged 9 vyears. Int / Obes (Lond) 2005;29(10):1192-8. doi:
10.1038/sj.ij0.0803054

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 26



Page 17 of 26

oNOYTULT D WN =

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

BMJ Open

Deurenberg P, Deurenberg-Yap M, Guricci S. Asians are different from Caucasians and from
each other in their body mass index/body fat per cent relationship. Obes Rev
2002;3(3):141-6.

Wang J, Thornton JC, Russell M, et al. Asians have lower body mass index (BMI) but higher
percent body fat than do whites: comparisons of anthropometric measurements. Am J Clin
Nutr1994;60(1):23-8.

Kweon S, Kim Y, Jang MJ, et al. Data resource profile: the Korea National Health and Nutrition
Examination Survey (KNHANES). /Int J Epidemiol 2014;43(1):69-77. doi: 10.1093/ije/dyt228

Organization WH. The Asia-Pacific perspective: redefining obesity and its treatment: Sydney:
Health Communications Australia, 2000.

Graham JW, Olchowski AE, Gilreath TD. How many imputations are really needed? Some
practical clarifications of multiple imputation theory. Prev Sci 2007;8(3):206-13. doi:
10.1007/s11121-007-0070-9

Gillman MW, Rifas-Shiman S, Berkey CS, et al. Maternal gestational diabetes, birth weight, and
adolescent obesity. Pediatrics 2003;111(3):e221-6.

Zhang X, Liu E, Tian Z, et al. High birth weight and overweight or obesity among Chinese
children 3-6 years old. Prev Med 2009;49(2-3):172-8. doi: 10.1016/j.ypmed.2009.07.013
Zhao Y, Wang SF, Mu M, et al. Birth weight and overweight/obesity in adults: a meta-analysis.

Eur J Pediatr 2012;171(12):1737-46. doi: 10.1007/s00431-012-1701-0

Johnsson IW, Haglund B, Ahlsson F, et al. A high birth weight is associated with increased risk
of type 2 diabetes and obesity. Pediatr Obes 2015;10(2):77-83. doi: 10.1111/ijpo.230

Roemmich JN, Rogol AD. Hormonal changes during puberty and their relationship to fat
distribution.  Am J Hum  Bio/l 1999;11(2):209-24. doi:  10.1002/(SICI)1520-
6300(1999)11:2<209:AID-AJHB9>3.0.CO;2-G

Luke A, Durazo-Arvizu R, Rotimi C, et al. Relation between body mass index and body fat in
black population samples from Nigeria, Jamaica, and the United States. Am J Epidemiol
1997;145(7):620-8.

Leong NM, Mignone LI, Newcomb PA, et al. Early life risk factors in cancer: the relation of
birth weight to adult obesity. /nt / Cancer 2003;103(6):789-91. doi: 10.1002/ijc.10886

Hua Q Tan J, Liu ZH, et al. [A cohort study on the correlation between birth weight, simple
obesity, blood lipids, blood glucose and blood pressure from childhood to adolescence].
Zhonghua Nei Ke Za Zhi 2007,46(11):923-5.

Ibanez L, Ong K, Dunger DB, et al. Early development of adiposity and insulin resistance after
catch-up weight gain in small-for-gestational-age children. J Clin Endocrinol Metab
2006;91(6):2153-8. doi: 10.1210/jc.2005-2778

Ong KK. Size at birth, postnatal growth and risk of obesity. Horm Res 2006;65 Suppl 3:65-9.
doi: 10.1159/000091508

Cnattingius S, Villamor E, Lagerros YT, et al. High birth weight and obesity--a vicious circle
across generations. Int J Obes (Lond) 2012;36(10):1320-4. doi: 10.1038/ij0.2011.248

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

BMJ Open

Lunde A, Melve KK, Gjessing HK, et al. Genetic and environmental influences on birth weight,
birth length, head circumference, and gestational age by use of population-based parent-
offspring data. Am J Epidemiol 2007;165(7):734-41. doi: 10.1093/aje/kwk107

Whitaker RC, Dietz WH. Role of the prenatal environment in the development of obesity. /
Pediatr 1998;132(5):768-76.

O'Sullivan J, Wright C, Pearce MS, et al. The influence of age and gender on the relationship
between birth weight and blood pressure in childhood: a study using 24-hour and casual
blood pressure. £ur J Pediatr 2002;161(8):423-7. doi: 10.1007/s00431-002-0985-x

Ruiz JR, Labayen I, Ortega FB, et al. Birth weight and blood lipid levels in Spanish adolescents:
influence of selected APOE, APOC3 and PPARgamma2 gene polymorphisms. The AVENA
Study. BMC Med Genet 2008;9:98. doi: 10.1186/1471-2350-9-98

Sugden MC, Holness MJ. Gender-specific programming of insulin secretion and action. /
Endocrinol 2002;175(3):757-67.

Arslanian S, Suprasongsin C. Insulin sensitivity, lipids, and body composition in childhood: is
"syndrome X" present? J Clin  Endocrinol Metab  1996;81(3):1058-62. doi:
10.1210/jcem.81.3.8772576

Kalkhoff RK, Hartz AH, Rupley D, et al. Relationship of body fat distribution to blood pressure,
carbohydrate tolerance, and plasma lipids in healthy obese women. / Lab Clin Med
1983;102(4):621-7.

Krotkiewski M, Mandroukas K, Sjostrom L, et al. Effects of long-term physical training on body
fat, metabolism, and blood pressure in obesity. Metabolism 1979;28(6):650-8.

Wells JC. Sexual dimorphism of body composition. Best Pract Res Clin Endocrinol Metab
2007;21(3):415-30. doi: 10.1016/j.beem.2007.04.007

Veldhuis JD, Roemmich JN, Richmond EJ, et al. Endocrine control of body composition in
infancy, childhood, and puberty. £ndocr Rev 2005;26(1):114-46. doi: 10.1210/er.2003-0038

Ayyavoo A, Derraik JG, Hofman PL, et al. Metabolic, cardiovascular and anthropometric
differences between prepubertal girls and boys. Clin Endocrinol (Oxf) 2014;81(2):238-43.
doi: 10.1111/cen.12436

Labayen I, Moreno LA, Ruiz JR, et al. Small birth weight and later body composition and fat
distribution in adolescents: the Avena study. Obesity (Silver Spring) 2008;16(7):1680-6. doi:
10.1038/0by.2008.258

Labayen I, Ortega FB, Ruiz JR, et al. Birth weight and subsequent adiposity gain in Swedish
children and adolescents: a 6-year follow-up study. Obesity (Silver Spring) 2012;20(2):376-
81. doi: 10.1038/0by.2011.160

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 18 of 26



Page 19 of 26 BMJ Open

Figure 1: Flow Diagram of the Selection Procedure for the Study Population
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Figure 2: Least-squares means of BMI in total participants (n=1304), male (n=693), and female (n=611). We

9 adjusted for age, sex, residence and household income according to birth weight.

13 Figure 3: Least-squares means of FMI and LMI in total participants (n=884). We adjusted for age, sex,

15 residence and household income according to birth weight.

18 Figure 4: Least-squares means of FMI and LMI in male participants (n=407). We adjusted for age, sex,

20 residence and household income according to birth weight.

24 Figure 5: Least-squares means of FMI and LMI in female participants (n=477). We adjusted for age, sex,

residence and household income according to birth weight.
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15 Figure 2: Least-squares means of BMI in total participants (n=1304), male (n=693), and female (n=611).
16 We adjusted for age, sex, residence, and household income according to birth weight.
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4 STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cross-sectional studies
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1: Objectives 3 State specific objectives, including any prespecified hypotheses 4
16 Methods

17 Study design 4 Present key elements of study design early in the paper 5
12 Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data

20 collection

21 Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants 5
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23

24 Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 5,6
25 applicable

26 Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 5,6
;; measurement comparability of assessment methods if there is more than one group

29 Bias 9 Describe any efforts to address potential sources of bias 5,6
30 Study size 10 | Explain how the study size was arrived at 5
31 Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 5,6
32 why

gi Statistical methods 12 | (a) Describe all statistical methods, including those used to control for confounding 6
35 (b) Describe any methods used to examine subgroups and interactions 6
g? (c) Explain how missing data were addressed 5,6
38 (d) If applicable, describe analytical methods taking account of sampling strategy

39 (e) Describe any sensitivity analyses
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Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 5
confirmed eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 5
(c) Consider use of a flow diagram Figure 1
Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 7,8
confounders
(b) Indicate number of participants with missing data for each variable of interest 7
Outcome data 15* | Report numbers of outcome events or summary measures 7,8,9
Main results 16 | (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 9
interval). Make clear which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized 5,6
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 7,8
Discussion
Key results 18 | Summarise key results with reference to study objectives 12
Limitations 19 | Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and 13
magnitude of any potential bias
Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 12,13
similar studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 13
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 15

which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE
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http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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